
www.vacet.org 

Hank Childs 
VACET Chief Software Engineer 

Overview of VACET Software Engineering 
Activities 

Program Review 
Rockville, MD 

4/28/09 

UCRL-PRES-412682

Work performed under the auspices of the U.S. Department of 
Energy by Lawrence Livermore National Laboratory under 
contract W-7405-Eng-48.




Overview of VACET Software 
Engineering Group (SEG) 
•  Goal: Deliver production quality, parallel 

capable software infrastructure that enables 
science at the petascale. 

•  Strategy: adapt, extend, and create software 
when necessary 

•  The SEG comes from all five VACET sites 
and is the focal point for many collaborations. 



Our software delivery strategy is designed 
to maximize impact. 

•  We favor tool and library development, because 
these approaches lead to the greatest impact. 
–  Developing many “one-offs” is both beyond our 

budget and also not a cost effective use of money. 
•  VisIt is our supported software for production 

quality petascale-capable visualization and 
analysis. 

•  Of course, a heavyweight tool is not always the 
best way to impact stakeholders and we adapt 
approaches as necessary. 



Outline 

•  Non-VisIt highlights 
•  Overview of VisIt 
•  VisIt highlights 



Outline 

•  Non-VisIt highlights 
•  Overview of VisIt 
•  VisIt highlights 



Tech transfer: the SEG is productizing the 
University of Utah’s volume renderer. 

•  Utah’s pioneering work in multi-
dimensional transfer functions is 
being productized to reach a wider 
audience. 
–  SLIVR library and its next generation 

replacement, Tuvok. 
–  SLIVR is integrated into VisIt; Tuvok 

integration planned. 

Tuvok’s Clearview mode 



The SEG developed and integrated 
lightweight visualization software into CDAT. 
•  CDAT: dominant, highly domain specific visualization 

application for climate data 
–  But CDAT lacked 3D capabilities. 
–  Need: very lightweight library for tight integration. 

•  The SEG developed SFSG (Simple and Flexible 
Scene Graph) library and integrated and deployed it 
in CDAT. 



VACET Software Tools 

SCIRun - www.sci.utah.edu 
– SCI Institute, University of Utah 



VisTrails - www.vistrails.org 
Automatic  
Provenance Capture


Task Creation  
by Analogy


Intuitive Query  
Interfaces


Support for  
Collaborative Exploration


Extensibility




Outline 

•  Non-VisIt highlights 
•  Overview of VisIt 
•  VisIt highlights 



11 

VisIt is a richly featured, turnkey application 

•  VisIt is an open source, end user 
visualization and analysis tool for 
simulated and experimental data 
–  Used by: physicists, engineers, 

code developers, vis experts 
–  >100K downloads on web 

•  R&D 100 award in 2005 
•  Used “heavily to exclusively” on 6 

of world’s top 8 supercomputers 

27B element 
Rayleigh-Taylor Instability 
(MIRANDA, BG/L) 
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VisIt has a rich feature set that can impact many science areas. 
•  Meshes: rectilinear, curvilinear, unstructured, point, AMR 
•  Data: scalar, vector, tensor, material, species 
•  Dimension: 1D, 2D, 3D, time varying 
•  Rendering (~15): pseudocolor, volume rendering, 

hedgehogs, glyphs, mesh lines, etc… 
•  Data manipulation (~40): slicing, contouring, clipping, 

thresholding, restrict to box, reflect, project, revolve, … 
•  File formats (~85) 
•  Derived quantities: >100 interoperable building blocks 

+,-,*,/, gradient, mesh quality, if-then-else, and, or, not 
•  Many general features: position lights, make movie, etc 
•  Queries (~50): ways to pull out quantitative information,   

       debugging, comparative analysis 



The VisIt project provides a substantial 
leverage for VACET’s work. 

•  VisIt represented over 50 person-years of effort at the time 
of VACET being funded 
–  VisIt contains over one million lines of code 

•  Partnership between: Department of Energy’s Office of 
Science, National Nuclear Security Agency, and Office of 
Nuclear Energy, among others 

2004-6 

User community 
grows, including 
AWE & ASC  
Alliance schools 

Fall ‘06 

VACET is funded 

Spring ‘08 

AWE enters repo 

2003 

LLNL user  
community 
transitioned         
to VisIt 

2005 

2005 R&D100 

2007 

SciDAC Outreach  
Center enables 
Public SW repo 

2007 

Saudi Aramco 
funds LLNL to  
support VisIt       

Spring ‘07 

GNEP funds LLNL  
to support GNEP  
codes at Argonne 

Summer‘07 

Developers from  
LLNL, LBL, & ORNL 
Start dev in repo 

‘07-’08 

UC Davis & UUtah  
research done  
in VisIt repo 

2000 

Project started 

‘07-’08 

Partnership with 
CEA is developed 

2008 

Institutional support 
leverages effort from  
many labs 

Spring ‘09 

More developers 
Entering repo all 
the time 



Reviewer questions about VisIt 

•  - How do you envision VisIt will be supported and managed after 
the term of the current center expires?  Does it have financial 
support apart from SciDAC? 

•  - Will the scientists who depend on VisIt continue to require a 
team of dedicated software engineers to make updates, or will 
the software eventually be transitioned to a community-
supported, open source type of product? 

•  - Do you have any indication of how much traction VisIt has 
gained in the broader scientific community, outside of the group 
of people with whom you directly collaborate?  For example, do 
you know how many times it has been downloaded from your 
website or how often it has been credited in papers published by 
others? 
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The role of VACET in VisIt. 
•  Everything in the rest of this presentation 

describes work done by VACET. 
–  (A fraction of the work done by VACET!) 

•  Eric Brugger, NNSA VisIt lead: "VACET has 
assumed the lead role in ensuring that VisIt will 
be able to handle the largest data sets.”  

•  NNSA has reduced resources on VisIt from 6 
FTEs in 2006 to 4 FTEs today. 
–  The NNSA VisIt team’s is focusing on user support 

for NNSA customers. 



VisIt as a petascale visualization and data 
analysis engine.  

•  VisIt is undergoing Joule code certification 
–  VisIt will be the first ever non-simulation Joule code 

•  As part of the certification process, we 
demonstrated VisIt on a one trillion cell data set. 
–  20K cores and 40K cores on jaguar. 
–  I/O performance is a critical issue. 
–  One trillion cells is likely beyond                              the 

reach of near term petascale                            
machines. 

Joule code certification 

The SEG ensures our tools will scale and has 
demonstrated good success on very large data. 



VisIt also has been demonstrated on a 
216B cell “real” data set. 

Visualization by: 
- Paul A. Navrátil, Texas Advanced Computing Center, the University of Texas at Austin 
Data courtesy of: 
-  Ilian T. Iliev, Department of Physics and Astronomy, University of Sussex, U.K. 
-  Paul R. Shapiro, Department of Astronomy, the University of Texas at Austin 
- Robert Smith, Vincent Desjacques, Institute for Theoretical Physics, University of Zürich, Switz. 
- Ue-Li Pen, Canadian Institute for Theoretical Astrophysics, University of Toronto, Canada 



VACET has improved VisIt’s AMR 
capabilities significantly. 

•  Improvements: 
–  Optimized many, many 

routines, resulting in end-to-
end speedups of >10X 

–  Added critical debugging 
functionality, such as 
spreadsheets and the ability   
to connect with a debugger. 

– Mapped AMR grids 
•  Done for collaborators at 

APDEC & CAC. 

– Macros and python callbacks 
for customizability. 

–  Responded to over 30 
requests for interface 
changes and bug fixes. 

The SEG works with customers to make sure our tools 
will fit their needs. (Many examples like this.)  



We are using FastBit to accelerate 
exploration of Laser Wakefield simulations 
•  Allow for interactive seeking of particles, with 

execution time linear in the amount                
of returned particles. 

•  Collaboration with the SDM center. 
•  SC08 paper on this topic. 

The SEG transitions research done by VACET into 
VACET’s tools. 



Streamlines represent an activity spanning 
research to SWE to data insight. 

Customers : 
“VisIt is bad at 
streamlines” 

“We need parallel 
streamlines” / 

“Wow!  Parallel 
streamlines is hard” 

Deployment effort in VisIt by 
SEG 

Research effort: 
Efficient parallel 

streamline generation 



Our streamline efforts have had a broad 
impact. 

Prerequisite for Poincare 
analysis for fusion 

community 

Used in analysis by SHOCKS center 
(image courtesy SHOCKS website) 

Research vehicle (and delivery vehicle) on 
streamline generation of AMR data sets. 

Level 0 only (incorrect) Correctly traversing all AMR levels 

Streamlines used in 
visualization of type II 

supernova collapse 
(Mezzacappa), 

Cover of SciDAC 
Review 

“First light” picture showing mixing of cold and warm 
water inlets.  (Nek5000/Fischer, Argonne, INCITE run) 

217 pin reactor 
cooling simulation. 
Run on ¼ of Argonne BG/P. 



Our efforts have led to VisIt being adopted 
by important ASCR stakeholders. 

+ see our review document for 9 
more letters of support from SciDAC-

funded groups using VisIt 



We have ensured that our tools will run on 
the Office of Science’s big machines 

•  Porting for Franklin (LBL), Jaguar (ORNL), 
and Eureka (Argonne, connected to BG/P) 

•  Changes to ensure job launching, client-
server connections, I/O, etc run smoothly 

The SEG is ensuring that VACET tools are available to 
SciDAC stakeholders. 



We have contributed more than just 
algorithms to VisIt. 
•  Production software: bug tracking, 

regression testing, regular releases 
•  Through our efforts, VisIt now feels much 

more like an open source project: 
–  Transitioned software repository from being 

“trapped at LLNL” to publicly accessible. 
•  ~25 developers with write access from 9 institutions 

–  Public mailing lists, archived and searchable. 
•  ~300 subscribers, get ~300 posts per month 

– Wiki pages on usage and development. 



Future work for the SEG: lots!. 
•  Improvements for existing customers 

–  Many requests ranging from minor bug fixes to major new 
functionality. 

•  Additional partnerships 
•  Deploy research (e.g. topology, uncertainty vis, 

volume rendering, and integral curves) 
•  Implement and deploy advanced data processing 

algorithms for petascale data. 
–  Multi-resolution data exploration, for AMR data and also for Tuvok 

volume rendering. 
–  In situ 



VACET SEG Summary 
•  The VACET SEG delivers production quality, 

parallel capable software infrastructure that 
enables science at the petascale. 
– We perform any and all tasks necessary to 

accomplish this goal. 
•  The SGE adapts its strategy based on need: 

–  library development 

•  The SEG comes from all five VACET sites 
and is the focal point for many collaborations. 

•  Lots of work still to do! 

–  VisIt development 


